Mechanisms by which oxygen regulates gene expression and cell-cell interaction in the vasculature.
Hypoxia has profound effects on blood vessel tone. Acute hypoxia causes pulmonary vasoconstriction and chronic hypoxia causes smooth muscle cell replication and extracellular matrix accumulation resulting in vessel wall remodeling. The cellular responses to hypoxia involve complex cell-cell interactions mediated by the release of growth factors, cytokines and biological messengers. We have reported that hypoxia increases the expression of a number of genes encoding vascular cell mitogens produced by endothelial cells: platelet-derived growth factor B (PDGF-B); endothelin-1 (ET-1); and vascular endothelial growth factor (VEGF). A 28-bp enhancer in the 5' upstream region of the VEGF gene mediates the expression of VEGF by endothelial cells under conditions of hypoxia. Hypoxia, however, has opposite effects on the vasodilator nitric oxide (NO); hypoxia suppresses both the transcriptional rate of the endothelial nitric oxide synthase gene and the stability of its mRNA. These endothelial-dependent processes would lead to vessel wall remodeling characteristic of a number of diseases from atherosclerosis to pulmonary hypertension. The smooth muscle cell also responds to hypoxia. It increases the transcriptional rate of the heme oxygenase gene-1 responsible for the breakdown of heme to carbon monoxide (CO) and biliverdin. CO is a vasodilator with properties similar to the well-studied molecule NO. CO suppresses the production of ET-1 and PDGF-B by endothelial cells. The regulated production of NO and CO under hypoxia, therefore, results in complex feedback loop interactions leading to altered smooth muscle cell growth in an autocrine and paracrine manner.